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PRELIMINARY FREE-FLIGHT INVESTIGATION OF THE EFFECT OF AIRFOIL 
SECTION ON AILERON ROLLING EFFECTIVENESS AT TRANSONIC 
AND SUPERSONIC SPEEDS 
By Carl A. Sandahl 


SUMMARY 


Results have "been obtained by means of a free-f light technique 
utilizing rocket propulsion which indicate that aileron- rolling- 
effectiveness characteristics sire siffected adversely by variations in 
airfoil section vhich produce large increases in the trailing-edge 
angle . 


INTRODUCTION 


Results have been obtained recently by means of the RM-5 free- 
fllght technique described in references 1 , 2 , and 3 vhich indicate that, 
at transonic and supersonic speeds, aileron-rolling-effectiveness charac- 
teristics are adversely siffected by variations in airfoil section ■which 
produce large increases In the trailing-edge angle . The rolling- 
effectiveness chsirac ter i sties of a ving-aileron configuration consisting 
of a plain full- span seeded aileron and an untapered, 45° sveptback wing 
employing the NACA 16-009 eiirfoil section are presented in thie report. 
These results are compared with the results obtained for a previously 
tested configuration which vas identical except for the airfoil section 
which was the NACA 65-009 (RM-5 number 53a, reference 3) • A sketch of 
both the aforementioned configurations is given in figure 1. The 
variation of Reynolds number with Mach number for the test conditions 
is given in figure 2 . 


SYMBOLS 


pb wing- tip helix angle, radians 
2V 

C-p drag coefficient based on total exposed wing area of 1.563 square 
feet 
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M Mach number 

E Reynolds number "based on wing chord of J - 0 J Inches parallel to 

model center line 

bj_ diameter of circle swept by wing tips minus fuselage diameter 

S-j_ exposed area of two wing panels 

A exposed aspect ratio 

c wing chord parallel to model center line 

5 a aileron deflection measured in plane perpendicular to chord plane 
and parallel to model center line 

$ trailing -edge angle measured in plane perpendicular to chord 

plane and parallel to model center line 

HESUUTS AND DISCUSSION 



The results of the present investigation are shown in figure 3 as 

curves of and drag coefficient (based on total exposed wing area 

°a 

of I.563 sq ft) as a function of Mach number . Changing the airfoil 
section from the NACA 65-OO9 to the NACA 16-009 resulted in a marked, 
reduction of aileron effectiveness in the Mach number range from 0 -75 
(the lower limit of the tests) to about I.07 and a reversal of effective- 
ness in the Mach number range from about 1.07 to 1 . 45 * Above Mach 
number 1.^5 to the maximum attained (1.8) the rolling effectiveness was 
in the correct direction though of small magnitude. Inasmuch as the two 
configurations differed mainly in airfoil section aft of the 50-p© rceil k“ 
chord point, it is reasonable to assume that this caused the marked 
difference in the aileron -ro 1.11 ng -effectiveness characteristics for the 
two configurations. Similar effects regarding the effect of the shape 
of the after portion of. the airfoil section have been noted in high- 
speed subsonic wind-tunnel tests. For example, see reference 4 . It 
should be noted that the aileron deflections for the two configurations 
differed somewhat, the deflection' being 5*6° for the configuration with 
the NACA 65-OO9 airfoil section, and 3 * 5 ° for the configuration with the 
NACA 16-009 airfoil section. The results shown in figure 3 are, 
therefore, not strictly comparable} however, results shown in reference 3 

indicate that the values of " OpiS- obtained for the configuration with 
the NACA 65-OO9 airfoil section a would be substantially the same for 
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5.6 and 3.5 degrees aileron deflection. The necessity for further tests 
is indicated in order to investigate more completely the effects of the 
shape of the aft portion of the airfoil on control effectiveness at 
transonic and supersonic speeds. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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